Summary. During the period 1983-1988 the incidence of peritonitis in patients undergoing continuous ambulatory peritoneal dialysis (CAPD) in Nottingham fell from 2-0 to 1.2 episodeslpatientlyear. Cefuroxime, given intraperitoneally for 10 days, as recommended in published guidelines, failed to cure 35% of episodes of peritonitis, although only 7% of the pathogens responsible for these episodes were resistant in vitro. Cefuroxime is probably no longer appropriate as first line treatment of CAPD peritonitis.
Introduction
Continuous ambulatory peritoneal dialysis (CAPD) is the method used to manage end-stage renal failure in about one quarter of the patients undergoing dialysis in the UK. Staff at the Department of Renal Medicine at the City Hospital, Nottingham (CHN), serving a population of approximately one million people, began to treat patients by CAPD in 1979. In an earlier report' the 3-year actuarial survival for CAPD patients was 69% and technique survival was 41%.
The commonest cause of CAPD failure is recurrent peritonitis which increases considerably the morbidity and cost of the procedure. To study this problem further, microbiological data relating to patients treated in Nottingham by CAPD during the period 1983-1988 have been collected prospectively and have been examined to review CAPD-associated peritonitis, with particular emphasis on its aetiology, the antibiotic sensitivity of bacteria causing it and the efficacy of treatment. The study period includes more than 400 patient years of CAPD (the largest UK experience reported to date), during which treatment of peritonitis has followed recommended guidelines.
Subject and methods
All patients (297 in total) were trained in a generally similar way by a specialist CAPD nursing team. Most patients used the Travenol "Luer lock system II", although since October 1987 the Travenol "Freeline Disconnect" system was introduced gradually; 10% and 40% of patients were using the "Freeline Discon-nect" system at the end of 1987 and 1988, respectively. Double cuff silastic Tenckhoff catheters were inserted through the anterior abdominal wall under local anaesthesia, unless (as in less than 5% of all cases) abdominal scarring necessitated insertion under general anaesthesia.
Patients receiving CAPD were instructed to attend hospital as soon as possible if they developed symptoms or signs of peritonitis (abdominal pain, fever, cloudy dialysate). The peritoneal cavity was drained completely before antibiotic treatment was begun and the full bag of used dialysate was sent to the Microbiology Department. The dialysate was cultured by inoculating 20ml aseptically into each of two blood-culture bottle^.^ These were incubated for up to 7 days at 37°C. Subcultures were made if there was visible growth or turbidity, or otherwise on the seventh day of incubation. The white cells in a further 20ml of dialysate were lysed by adding Triton-X, and, after centrifugation, the resulting deposit was cultured at 37°C aerobically and anaerobically on blood agar.' Red and white blood cells in the dialysate were counted in a Neubauer chamber. The bacteria isolated were identified by standard microbiological methods6 and, in the case of coagulase-negative staphylococci, were assigned to species by examination with the API-STAPH system (API, Basingstoke). Antibiotic sensitivity testing was performed by an agar incorporation "breakpoint" method.' The antibiotics and the breakpoints used to characterise fully sensitive or resistant strains included cefuroxime (8 and 32 mg/L); gentamicin (0.5 and 2mg/L for staphylococci and 4 and 8 mg/L for coliforms) and ceftazidime (2 and 16 mg/ L). Sensitivity to vancomycin was tested by a diskdiffusion method,* the disks containing 5 pg. When analysing results, strains recorded as of "reduced sensitivity" were considered to be resistant, i.e. , strains whose growth was inhibited by the higher but not the lower antibiotic breakpoint concentration, or those for which the inhibition zone size was reduced relative to the control (the "Oxford" staphylococcus, strain NTCC 6571).
Peritonitis was considered to be present if dialysis fluid contained bacteria or if the neutrophil count exceeded 100 c e l l s /~l .~ Peritonitis was treated with intra-peritoneal cefuroxime at a concentration of 125 mg/L of dialysis fluid given for 10 days.3 Treatment efficacy was assessed by clinical and microbiological response in patients receiving antibiotics for at least 10 days, the recommended treatment p e r i~d .~ Failure was defined as the isolation of the same organism, or the persistence of symptoms, in association with a raised dialysate neutrophil count, within 2 weeks of stopping antibiotic treatment.3 Treatment with cefuroxime was stopped if the patient failed to respond, or if microbiological information showed it to be inappropriate. Rarely (i.e., in less than 10% of episodes), other antibiotics were given first if previous culture data suggested that a specific pathogen was likely to be present; for example gentamicin (4-8 mg/L of dialysis fluid) if pseudomonal peritonitis was probable. Vancomycin 50 mg/L was the commonest substitute for cefuroxime, but was given in less than 6% of episodes, to patients with infections caused by staphylococci, streptococci (including enterococci), or "diphtheroids".
Results
The pathogens that caused peritonitis are listed in table I ; coagulase-negative staphylococci (CNS) were commonest ; Staphylococcus epidermidis sensu strictu accounting for 75% of this group. Altogether, 26 species groups were identified, but six accounted for 81% of all episodes of peritonitis: CNS, S. aureus, viridans streptococci, Escherichia coli, Klebsiella spp. and Pseudomonas spp. The culture failure rate fell from 15% to 5% (mean 10%) during the study. Table I1 shows the annual incidence of peritonitis. This remained at about one infection in every 6-8 months of patient treatment, until 1988 when the mean infection-free period increased to 10 months. The number of episodes of peritonitis rose in 1987, reflecting an increase in the number of new patients starting CAPD during this year. Almost half of all patients experiencing peritonitis in each year (mean 49%, range 43-5373 had at least two episodes, and 22% (range 20-24%) had three or more.
The antibiotic sensitivities of the pathogens isolated are shown in table 111. All gram-positive bacteria isolated were sensitive to vancomycin and all gramnegative bacteria were sensitive to gentamicin. On average, 15%of all isolates were resistant to cefuroxime and 27% to gentamicin during the study. Cefuroxime resistance was commoner among gram-negative species (mean 33%, range 12-50%); these included Pseudomonas spp. which were largely (77%) and predictably resistant to cefuroxime ; sensitive isolates were of species other than P . aeruginosa. Two Pseudomonas spp. isolates (4%) only were resistant to ceftazidime. The cefuroxime resistance of grampositive isolates (mean s%, range 7-10%) was low for CNS (mean 9%, range 5-12%) compared with resistance to gentamicin (mean 37%, range 2245%).
Sixty percent of episodes of peritonitis were treated with cefuroxime for 10 days (table IV) . In most of the remaining 40% cefuroxime was stopped early because of lack of response. Cefuroxime treatment failed clinically or microbiologically, or both, in 35% (range 2 3 4 % ) of those receiving it for 10 days, despite an in-vitro resistance rate of only 7% (range 3-10%); in 67% (range 5044%) of these treatment failures the infection was caused by CNS. In the cases where cefuroxime treatment failed, 18% of pathogens were resistant to this antibiotic. Vancomycin was successfully substituted for cefuroxime in 60 (85%) of 71 episodes when the latter failed to cure infection caused by gram-positive species.
Discussion
Despite more than a decade of experience, peritonitis remains the most serious and costly complication of CAPD. CAPD failure often follows recurrent episodes of peritonitis and sometimes peritonitis proves fatal.g Few large renal units have examined prospectively their experience of CAPD-associated peritonitis, or have related treatment outcome to the antibiotic sensitivities of the responsible pathogens. lo-'
Inter-unit comparison is difficult because of differing definitions and management of infections. In the present study all episodes of peritonitis, including those following immediately on insertion of the dialysis catheter, have been included. The culture failure rate fell from 15% to 5% (mean 10%) reflecting current experience in other centre^;^ it is recognised in some instances that this results from antibiotic treatment being given before microbiological sampling. Most patients (mean 92%, range 89-94%) became infected at home; few needed hospital admission. The incidence of peritonitis improved from 2-0 to 1.2 episodes/ patient year during the 6 years of the study. While most centres report infection rates of 0.9-1.4 episodes/ patient year, some claim much lower rates. lo-' * In our experience, the incidence of peritonitis fell following the phased introduction in late 1987 of the "Freeline Disconnect" system. ' This method, which involves flushing the tubing with dialysis fluid (initially away from the peritoneal cavity) at each exchange, and theoretically reduces the risk of bacterial contamination costs approximately El000 more per patient year than the Luer-lock system 11.
The number of episodes of peritonitis suffered by each patient per year varied widely from one to seven; 22% had at least three episodes. It is not known why some patients are at greater risk of developing peritonitis, but poor technique, equipment failure and impaired host defences have been suggested. 2v l 4 Relapse may also be due to the persistent adherence of bacteria to plastic or peritoneal surfaces. 15 The predominance of CNS as a cause of CAPD peritonitis may reflect their ability to adhere to prostheses,16 or may simply reflect their common presence in the normal flora of the skin. Seventy-five percent of the CNS isolated during this study were S . epidermidis sensu strictu. This is similar to their preponderance in skin flora.
Although 26 different species of micro-organisms were isolated, six only caused more than 80% of all episodes of peritonitis (CNS, S. aureus, viridans streptococci, E. coli, Klebsiella spp. and Pseudomonas spp.). It is clear that a broad spectrum antibiotic or combined therapy should be used as first line treatment in CAPD peritoniti~.~~ l 7 In vitro, 85% of isolates were sensitive to cefuroxime whereas 73% of isolates were sensitive to gentamicin. However, each antibiotic has well-recognised limitations in its antimicrobial spectrum. Despite its extensive use in Nottingham for over 6 years, no increase in the percentage of strains resistant to cefuroxime has been detected. Indeed, more CNS isolates were resistant to gentamicin (2245%) than to cefuroxime (5-1 2%). Pseudomonas spp. were predominantly resistant to cefuroxime (77%); the strains sensitive to cefuroxime were of species other than P. aeruginosa. It is particularly encouraging that all grampositive and all gram-negative bacterial isolates were sensitive to vancomycin or gentamicin, respectively.
The failure of cefuroxime treatment given for 10 days to cure 35% of episodes of peritonitis when 7% only of the causal organisms were resistant in vitro to it is disappointing. The true failure rate may have been even higher because patients who were changed to alternative antibiotic regimens before 10 days treatment had been completed were not included in the analysis. The efficacy of cefuroxime was assessed after 10 days treatment had been given because this is the duration recommended in the CAPD Working Party R e p~r t .~ The decision to change treatment before 10 days was often made on clinical grounds in the absence of further microbiological data. Infections caused by CNS were over-represented (67%) in the group in whom cefuroxime treatment failed, compared with their prevalence (48%) in all episodes of peritonitis; this may reflect enhanced resistance in vivo of adherent bacteria. All isolates were sensitive in vitro to either vancomycin or gentamicin ; treatment of CAPD-associated peritonitis with a mixture of an aminoglycoside and a glycopeptide antibiotic has been successful. 2o Vancomycin was effective in treating 85% of the episodes of peritonitis caused by gram-positive isolates that had failed to respond to cefuroxime. Although such alternatives to cefuroxime treatment are much more expensive, their greater efficacy and a consequent reduction in the number of antibiotic courses needed could begin to offset this difference. The results of controlled trials with newer agents such as ciprofloxacin, aztreonam and teicoplanin, which have potential for the treatment of CAPD-associated peritonitis, are awaited with interest.
In conclusion, during a 6-year-long prospective study, the predominance of CNS as a cause of CAPDassociated peritonitis has been confirmed, the microbiological detection rate increased, and the infection rate fell as the "Freeline Disconnect system" for dialysate exchange was introduced. Conventional antibiotic sensitivity testing proved a poor predictor of clinical outcome when cefuroxime was given as treatment; a more relevant sensitivity test system would be helpful. The high failure rate of cefuroxime as initial therapy, particularly for infections caused by CNS, suggests that alternative first-line regimens should be used to treat CAPD peritonitis.
